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Abstract 
%LRSULQWLQJLVDQHPHUJLQJWHFKQRORJ\WKDWRIIHUVWKHXQLTXHDELOLW\WRGHSRVLWDQGSDWWHUQGLIIHUHQWFHOOVDQGPDWUL[PDWHULDOVWRIDEULFDWHWKUHH
GLPHQVLRQDO ' WLVVXH FRQVWUXFWV 0DUNHGO\ ELRSULQWLQJ GHPRQVWUDWHG JUHDW SRWHQWLDO IRU VNLQ WLVVXH HQJLQHHULQJ UDQJLQJ IURP WKH
GHYHORSPHQWRI'VNLQWLVVXHPRGHOVWRLQVLWXELRSULQWLQJRIVNLQGLUHFWO\RYHUWKHZRXQGVLWH1HYHUWKHOHVVRQHRIWKHPDMRUFKDOOHQJHVWKDW
LPSHGH WKH SURJUHVV LQ WKLV ILHOG LV WKH OLPLWHG FKRLFHV RI SULQWDEOH ELRPDWHULDOV ,Q WKLV SDSHU ZH UHSRUW WKH GHYHORSPHQW RI SULQWDEOH
SRO\HOHFWURO\WHFKLWRVDQJHODWLQK\GURJHOIRUSRWHQWLDODSSOLFDWLRQVLQWLVVXHHQJLQHHULQJRIVNLQ7KHRSSRVLWHO\FKDUJHGIXQFWLRQDOJURXSVIURP
FKLWRVDQDQGJHODWLQUHVSHFWLYHO\ILUVWLQWHUDFWHGDWDVSHFLILFS+UDQJHWRIRUPDSRO\HOHFWURO\WHFRPSOH[IROORZHGE\IXUWKHUS+GHSHQGHQW
FURVVOLQNLQJ 7KH S+FURVVOLQNHG SRO\HOHFWURO\WH FKLWRVDQJHODWLQ K\GURJHO ZDV WKHQ HYDOXDWHG LQ WHUPV RI LWV UKHRORJLFDO EHKDYLRU
ELRFRPSDWLELOLW\ SULQWDELOLW\ DQG ODVWO\ PDWHULDO VWDELOLW\ XQGHU SK\VLRORJLFDO FRQGLWLRQV 7KH SRO\HOHFWURO\WH FKLWRVDQJHODWLQ K\GURJHO
UHPDLQHG LQ D UREXVW JHOVWDWH RYHU WKH WHPSHUDWXUH UDQJH RI  R& DQG IDFLOLWDWHG FHOOXODU DWWDFKPHQW DQG SUROLIHUDWLRQ )XUWKHUPRUH LW
GHPRQVWUDWHGJRRGSULQWDELOLW\DQGWKHPXOWLOD\HUHGK\GURJHOFRQVWUXFWZDVPHFKDQLFDOO\VWDEOHDIWHUVXEMHFWLQJLWWRSK\VLRORJLFDOFRQGLWLRQV
IRUGD\V

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRI7KH6HFRQG&,53&RQIHUHQFHRQ%LRPDQXIDFWXULQJ
.H\ZRUGV$GGLWLYHPDQXIDFWXULQJ%LRSULQWLQJ3RO\HOHFWURO\WHFKLWRVDQJHODWLQ+\GURJHOV6NLQWLVVXHHQJLQHHULQJ
1. Introduction 
)DVFLQDWLQJ DGYDQFHPHQWV KDYH EHHQPDGH LQ WKH ILHOG RI
WLVVXHHQJLQHHULQJRYHUWKHSDVWWKUHHGHFDGHVLWKDVHPHUJHG
DVDPXOWLGLVFLSOLQDU\ILHOG WKDWHQJDJHV VFLHQWLVWVHQJLQHHUV
DQG FOLQLFLDQV WR VWULYH WRZDUGV WKH JRDO RI FUHDWLQJ
DQDWRPLFDOO\ UHOHYDQW WLVVXH FRQVWUXFWV IRU UHSODFHPHQW RI
PDOIXQFWLRQLQJ WLVVXHVRUJDQV >@ 1HYHUWKHOHVV RQH RI WKH
PDMRU KXUGOHV IDFHG ZDV WKH LQDELOLW\ WR UHSOLFDWH WKH
VRSKLVWLFDWHG FRPSDUWPHQWDOL]DWLRQ RI GLIIHUHQW FHOO W\SHV
ZLWKLQ QDWLYH WLVVXHV E\ VLPSO\ VHHGLQJ FHOOV RYHU WKH SUH
IRUPHG SRO\PHULF VFDIIROGV %LRSULQWLQJ ZKLFK FDQ EH
GHILQHGDV³WKHXVHRI'SULQWLQJWHFKQRORJ\WKDWLQFRUSRUDWH
YLDEOH OLYLQJ FHOOV ZLWK ELRPDWHULDOV WR FUHDWH WLVVXHV´ KDV
SURPLVLQJ SURVSHFWV IRU IDEULFDWLRQ RI FRPSOH[ '
PXOWLFHOOXODUWLVVXHFRQVWUXFWV7KHELRSULQWLQJWHFKQRORJ\QRW
RQO\ HQDEOHV WKH VLPXOWDQHRXV GHSRVLWLRQ RI GLIIHUHQW
ELRPDWHULDOVDQGPXOWLSOHFHOOW\SHVLWDOVRSURYLGHVIOH[LELOLW\
LQ WKHGHVLJQDQG IDEULFDWLRQRIFXVWRPL]DEOHSDWLHQWVSHFLILF
WLVVXHHQJLQHHUHGFRQVWUXFWV>@
'HVSLWH EHLQJ LQ LWV VWDJH RI LQIDQF\ ELRSULQWLQJ KDV
DOUHDG\GHPRQVWUDWHGJUHDW SRWHQWLDO IRU IDEULFDWLRQRIPXOWL
OD\HUHGVNLQ >@ FDUWLODJH >@DQG OLYHUFRQVWUXFWV >@ ,W
ZDVHQYLVLRQHGWKDWIDEULFDWLRQRIVLPSOHWLVVXHVVXFKDV VNLQ
ZRXOGEHDUHDOLW\LQWKHQHDUIXWXUH>@DQGVRPHUHFHQWZRUNV
RQ ELRSULQWLQJ RI VNLQ FRQVWUXFWV LQFOXGH IDEULFDWLRQ RI
K\GURJHO FRQVWUXFWV FRPSULVLQJ GLIIHUHQW VNLQ FHOOV
NHUDWLQRF\WHV DQG ILEUREODVWV > @ DQG LQVLWX SULQWLQJ RI
VNLQFHOOVDQGELRPDWHULDOVGLUHFWO\RYHU WKHZRXQGVLWH >@
'HVSLWH WKH LQLWLDO ]HDO SURJUHVV LQ ELRSULQWLQJ LV VHYHUHO\
LPSHGHG GXH WR OLPLWHG FKRLFHV RI SULQWDEOH
ELRPDWHULDOV$PRQJWKHGLIIHUHQWELRPDWHULDOV WKDWKDYHEHHQ
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XVHG IRU VNLQ WLVVXH HQJLQHHULQJ DSSOLFDWLRQV FKLWRVDQ
GHPRQVWUDWHVSURPLVLQJUHVXOWVIRUZRXQGKHDOLQJDSSOLFDWLRQV
>@&KLWRVDQLVDOLQHDUFRSRO\PHURI'JOXFRVDPLQHDQG
1DFHW\O'JOXFRVDPLQH ZKLFK LV SUHSDUHG E\ WKH 1
GHDFHW\ODWLRQ RI LQVROXEOH FKLWLQ LQ WKH SUHVHQFH RI DONDOLQH
VROXWLRQ >@ ,W LV RQH RI WKH PRVW DEXQGDQW QDWXUDO
SRO\VDFFKDULGHVZKLFKFDQEHIRXQGLQFUDEDQGVKULPSVKHOOV
,W ZDV VKRZQ WKDW FKLWRVDQ GHJUDGHV LQ YLYR YLD HQ]\PDWLF
K\GURO\VLV E\ O\VR]\PHV >@ WR IRUP WKH E\SURGXFW
JOXFRVDPLQHZKLFKGRHVQRWSRVHDQ\DQWLJHQLFLW\&KLWRVDQ
LV D ZLGHO\ XWLOL]HG ELRPDWHULDO DV LW WULJJHUV KHPRVWDVLV DQG
H[SHGLWHV WLVVXH UHJHQHUDWLRQ 7KLV FDQ EH DWWULEXWHG WR LWV
DELOLW\ WR LQGXFH PLJUDWLRQ RI LQIODPPDWRU\ FHOOV DQG
DFWLYDWLRQ RI ILEUREODVWV WR SURGXFH PXOWLSOH F\WRNLQHV WKDW
H[SHGLWH ZRXQG KHDOLQJ >@ )XUWKHUPRUH FKLWRVDQEDVHG
ELRPDWHULDOV DUH VKRZQ WR H[KLELW DQWLPLFURELDO SURSHUWLHV
ZKLFK LV EHQHILFLDO IRU VNLQ WLVVXH HQJLQHHULQJ DSSOLFDWLRQV
>@&KLWRVDQSRZGHUV DUH VROXEOH DW ORZS+DQG WKH DPLQH
JURXSVLQFKLWRVDQDUHSURWRQDWHGDWS+ORZHUWKDQWRFRQIHU
WKH SRO\FDWLRQLF EHKDYLRU WR FKLWRVDQ $V WKH S+ LQFUHDVHV
DERYHWKHDPLQHJURXSVEHFRPHGHSURWRQDWHGDQGFKLWRVDQ
EHFRPHVLQVROXEOH7KLVVROXEOHLQVROXEOHWUDQVLWLRQRFFXUVDW
LWVS.DYDOXHDURXQGS+±ZKLFKLVGHSHQGHQWRQGHJUHH
RI1GHDFHW\ODWLRQDQGPROHFXODUZHLJKW>@3UHYLRXVZRUNV
RQ SULQWLQJ RI FKLWRVDQ K\GURJHO LQFOXGH D GXDODSSURDFK
GLVSHQVLQJ PHWKRG >@ DQG GLUHFW GHSRVLWLRQ RI SUH
FURVVOLQNHG FKLWRVDQ >@ ,Q WKH ILUVW DSSURDFK DFHOOXODU
FKLWRVDQVFDIIROGVZHUHIDEULFDWHGE\VLPXOWDQHRXVGHSRVLWLRQ
RI FRDJXODWLRQ PHGLXP 1D2+ GLUHFWO\ DERYH WKH FKLWRVDQ
ILODPHQWV WR LQLWLDWH WKH FURVVOLQNLQJ SURFHVV ,Q WKH ODWWHU
DSSURDFK LW ZDV UHSRUWHG WKDW SUHFURVVOLQNHG FKLWRVDQ ZDV
WRR YLVFRXV WR EH XVHG LQ WKH ELRSULQWHU +HQFH IXUWKHU
PRGLILFDWLRQV DUH UHTXLUHG WR LQFUHDVH WKH SULQWDELOLW\ RI
FKLWRVDQEDVHGK\GURJHOV
2QH RI WKH VWUDWHJLHV WKDW FRXOG EH LPSOHPHQWHG LV WR
LQGXFH WKH IRUPDWLRQ RI D SRO\HOHFWURO\WH FRPSOH[ EHWZHHQ
SRVLWLYHO\FKDUJHGFKLWRVDQDQGQHJDWLYHO\FKDUJHGSRO\PHUWR
LPSURYH LWV SULQWDELOLW\ *HODWLQ H[KLELWV QHJDWLYH FKDUJHV
ZKHQWKHS+RIPHGLXPLVDERYHLWVLVRHOHFWULFSRLQWS+LVR 
>@DQGLWLVFRPPRQO\XVHGIRUELRPHGLFDODSSOLFDWLRQV
GXH WR LWV VLJQLILFDQWO\ ORZ FRVW VLPSOH SURFHVVDELOLW\ JRRG
ELRFRPSDWLELOLW\ DQG ELRGHJUDGDELOLW\ XQGHU SK\VLRORJLFDO
FRQGLWLRQV 7KH SRVLWLYHO\ FKDUJHG DPPRQLXP LRQV IURP
FKLWRVDQ UHDFW ZLWK FDUER[\ODWH JURXSV IURP WKH DPSKRO\WLF
JHODWLQWRIRUPDSRO\HOHFWURO\WHFRPSOH[1RWDEO\WKHXVHRI
SRO\HOHFWURO\WH FKLWRVDQJHODWLQ VFDIIROGVILOPV >@
GHPRQVWUDWHG JUHDW SRWHQWLDO IRU VNLQ WLVVXH HQJLQHHULQJ
DSSOLFDWLRQV 7KH SUHSDUDWLRQ RI SRO\HOHFWURO\WH FKLWRVDQ
JHODWLQVFDIIROGVLVXVXDOO\GRQHYLDIUHH]HGU\LQJ>@
RU VROYHQWFDVWLQJ DSSURDFKHV > @DQG WR WKHEHVWRI RXU
NQRZOHGJH ELRSULQWLQJ RI SRO\HOHFWURO\WH FKLWRVDQJHODWLQ
K\GURJHOKDV\HWWREHUHSRUWHG
,QWKLVSDSHUWKHGHYHORSPHQWRISRO\HOHFWURO\WHFKLWRVDQ
JHODWLQ 3&* K\GURJHO IRU SRWHQWLDO ELRSULQWLQJ RI WLVVXH
HQJLQHHUHG VNLQ FRQVWUXFW LV SUHVHQWHG 7KH FURVVOLQNLQJ
PHFKDQLVPZDV ILUVW GLVFXVVHG IROORZHG E\ FKDUDFWHUL]DWLRQ
RI 3&* K\GURJHOV LQ WHUPV RI UKHRORJLFDO EHKDYLRXU DW
YDU\LQJ VKHDU UDWHV DQG WHPSHUDWXUHV DQG ELRFRPSDWLELOLW\
ODVWO\ ZH HYDOXDWHG LWV SULQWDELOLW\ DW GLIIHUHQW SULQWLQJ
SUHVVXUHV DQG PDWHULDO VWDELOLW\ XQGHU SK\VLRORJLFDO
FRQGLWLRQV 7KHVH RXWFRPHV ZLOO SURYLGH YDOXDEOH LQVLJKWV
LQWRGHYHORSPHQWRISULQWDEOHK\GURJHOV IRUELRSULQWLQJRI
'WLVVXHFRQVWUXFWV
2. Materials and methods  
 0DWHULDOV
*HODWLQSRUFLQHVNLQ7\SH$DQGFKLWRVDQORZPROHFXODU
ZHLJKW SRZGHUV ZHUH REWDLQHG IURP 6LJPD $OGULFK
6LQJDSRUH2WKHUUHDJHQWVOLNHDFHWLFDFLGVRGLXPK\GUR[LGH
1D2+DQGSKRVSKDWHEXIIHUHGVDOLQH3%6VROXWLRQS+
DW0ZHUHVWHULOHILOWHUHGEHIRUHXVH
 &HOOV
1HRQDWDOKXPDQ IRUHVNLQ ILEUREODVWV +)) IURP$7&&
6&5&70 ZHUH XVHG LQ WKLV VWXG\ 7KH FHOO OLQH ZDV
FXOWXUHG LQ D +(5$FHOO L FHOO LQFXEDWRU 7KHUPR
6FLHQWLILF DW  R& LQ  &2 XVLQJ $7&&IRUPXODWHG
'XOEHFFR¶V 0RGLILHG (DJOH¶V 0HGLXP '0(0
VXSSOHPHQWHGZLWKIHWDOERYLQHVHUXP+\&ORQH70IURP
*(+HDOWKFDUH&XOWXUHPHGLDZDVFKDQJHGHYHU\GD\VDQG
WKH FHOOV ZHUH URXWLQHO\ SDVVDJHG LQ WLVVXH FXOWXUH IODVNV
3DVVDJHWRHQVXUHWKDWWKHFHOOVGRQRWUHDFKVHQHVFHQFH
VWDJH7KHDGKHUHQW+))FHOOVZHUHKDUYHVWHGXVLQJ
WU\SVLQHWK\OHQHGLDPLQHWHWUDDFHWLFDFLG ('7$ ,QYLWURJHQ
DW  FRQIOXHQF\ DQG WKH\ ZHUH PDLQWDLQHG DV FHOO
VXVSHQVLRQVDWGHVLUHGFHOOGHQVLW\EHIRUHXVH
 3UHSDUDWLRQDQGFURVVOLQNLQJRISRO\HOHFWURO\WHFKLWRVDQ
JHODWLQ3&*K\GURJHOV
7KH SRO\HOHFWURO\WH FKLWRVDQJHODWLQ K\GURJHO 3&* ZDV
SUHSDUHGDVLOOXVWUDWHGLQ)LJ


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 ZY FKLWRVDQ ZDV GLVVROYHG LQ DFHWLF DFLG DQG
PHFKDQLFDOO\ DJLWDWHG IRU WKUHH KRXUV WR REWDLQ D
KRPRJHQHRXVJHO9DU\LQJFRQFHQWUDWLRQRI JHODWLQ VROXWLRQV
  DQG  ZY ZHUH GLVVROYHG LQ VWHULOH 3%6
VROXWLRQ DQG VWLUUHG DW  & IRU FRPSOHWH GLVVROXWLRQ RI
JHODWLQSRZGHU7KHJHODWLQVROXWLRQRIYDU\LQJFRQFHQWUDWLRQ
  DQG ZY ZDV WKHQ DGGHG VHSDUDWHO\ WR WKH
FKLWRVDQJHODWDS+JUHDWHUWKDQ WR LQLWLDWHWKHIRUPDWLRQ
RI SRO\HOHFWURO\WH FRPSOH[ EHWZHHQ WKH SRVLWLYHO\FKDUJHG
FKLWRVDQ DQG QHJDWLYHO\ FKDUJHG JHODWLQ DQG WKH\ ZHUH
GHVLJQDWHGKHUHDIWHUDVDQG3&*UHVSHFWLYHO\
(TXDO YROXPH RI JHODWLQ VROXWLRQ ZDV DGGHG WR WKH FKLWRVDQ
JHO LQ D GURSZLVH PDQQHU XQGHU FRQVWDQW PHFKDQLFDO
DJLWDWLRQIROORZHGE\VXEVHTXHQWDGGLWLRQRI1D2+VROXWLRQ
WR WKHFKLWRVDQJHODWLQSRO\PHUEOHQG LQDGURSZLVHPDQQHU
WLOO WKH S+ RI WKH PL[WXUH UHDFKHV a  WR LQLWLDWH WKH S+
GHSHQGHQWFURVVOLQNLQJXVLQJDS+PHWHU+0'LJLWDO,QF
 5KHRORJLFDOSURSHUWLHVRI3&*K\GURJHOV
7KH UKHRORJLFDO SURSHUWLHV RI 3&* K\GURJHOV ZHUH
HYDOXDWHG XVLQJ WKH 'LVFRYHU\ K\EULG UKHRPHWHU 7$
LQVWUXPHQWV 86$ 7KH YLVFRVLWLHV RI 3&* K\GURJHOV ZHUH
HYDOXDWHG IRU VKHDU UDWHV UDQJLQJ IURP  WR  V DW D
FRQVWDQW WHPSHUDWXUH RI R& HPXODWLQJ WHPSHUDWXUH RI WKH
SULQWLQJ FKDPEHU 7R HYDOXDWH WKH WKHUPRUHVSRQVLYH
EHKDYLRURI WKH K\GURJHOV L YLVFRVLW\ LL VWRUDJHPRGXOXV
*¶ DQG LLL ORVVPRGXOXV *´ RI WKH   DQG 
3&*ZHUH WKHQPHDVXUHGDWYDU\LQJWHPSHUDWXUHVIURPWR
R&DWDIL[HGVKHDUVWUDLQRI
 %LRFRPSDWLELOLW\RI3&*K\GURJHOV
7R DVVHVV WKH ELRFRPSDWLELOLW\ RI S+FURVVOLQNHG 3&*
K\GURJHOV +)) FHOOVZHUH VHHGHGRQ WRSRI3&*
K\GURJHOV LQ HDFK RI WKH ZHOO SODWHV Q  DQG  PO RI
FRPSOHWHJURZWKPHGLXPZDVDGGHGLQWRHDFKZHOOSODWH7KH
FHOOV ZHUH LQFXEDWHG IRU  GD\V SULRU WR SHUIRUPLQJ FHOO
YLDELOLW\DVVD\RQ'D\XVLQJ0ROHFXODU3UREHV/LYH'HDG
VWDLQLQJ NLWV /LIH7HFKQRORJLHV DFFRUGLQJ WR WKH
PDQXIDFWXUHU¶VPDQXDO7KHFDOFHLQ$0ZLOOVWDLQWKHYLDEOH
FHOOV JUHHQ ZKLOH WKH HWKLGLXP KRPRGLPHU ZLOO VWDLQ WKH
GHDGFHOOVUHG7KHVDPSOHVZHUHZDVKHGWZLFHZLWK3%6DQG
PO RI VWDLQLQJ VROXWLRQ ZDV DGGHG WR HDFK RI WKH ZHOO
SODWHV FRQWDLQLQJ WKH 3&* K\GURJHOV DQG LQFXEDWHG IRU DQ
KRXU EHIRUH REVHUYDWLRQ XQGHU WKH&DUO=HLVV$[LR9HUW$
,QYHUWHG0LFURVFRS\
 3ULQWDELOLW\RI3&*K\GURJHOV
$ ' ELRSULQWHU %LRIDFWRU\ UHJHQ+8 /WG
6ZLW]HUODQG ZDV XVHG IRU SULQWLQJ RI 3&* K\GURJHOV 7KH
ELRSULQWLQJSODWIRUPFRQVLVWVRIXSWRGLVSHQVLQJSULQWKHDGV
DQGDWKUHHD[LVPRYDEOHVWDJHHQFORVHGZLWKLQDVWHULOHKRRG
IRU ELRIDEULFDWLRQ RI ' K\GURJHO FRQVWUXFWV 7KH 3&* ELR
LQNZDVORDGHGLQWRDVWHULOHSULQWLQJFDUWULGJHDQGWKHSULQWLQJ
SURFHVV ZDV FRQGXFWHG XVLQJ DQ H[WUXVLRQEDVHG SULQWKHDG
7KH K\GURJHO ZDV GHSRVLWHG YLD FRQWDFW GLVSHQVLQJ DQG WKH
PDWHULDOIORZIRUHDFKSULQWKHDGZDVFRQWUROOHGE\LQGLYLGXDO
SUHVVXUH UHJXODWRUV %LR&$' D ' GUDZLQJ VXLWH IURP
UHJHQ+8/WGZDVXVHGIRUGHVLJQRIPXOWLOD\HUHGK\GURJHO
FRQVWUXFWV $*FRGH ILOH ZDV FUHDWHG DQG ORDGHG WR KXPDQ
PDFKLQH LQWHUIDFH +0, EDVHG RQ WKH PRGHO LQIRUPDWLRQ
GHILQHGLQWKH%LR&$'
7KHSULQWLQJSURFHVVZDVFDUULHGRXWXVLQJD*QR]]OH
WLS  ȝP LQ GLDPHWHU E\ YDU\LQJ WKH SULQWLQJ SUHVVXUHV
ZKLOH NHHSLQJ WKH RWKHU SDUDPHWHUV DW D FRQVWDQW  DGMDFHQW
ILODPHQWV Q  ZHUH SULQWHG DQG PHDVXUHG LQ WHUPV RI
ILODPHQW ZLGWK DQG KHLJKW 7KH FRQVLVWHQF\ RI OLQH ZLGWKV
SULQWHG XVLQJ WKH RSWLPDO SULQWLQJ SDUDPHWHUV ZDV WKHQ
HYDOXDWHG
 0DWHULDOVWDELOLW\RI3&*K\GURJHOV
7RHYDOXDWHWKHVKRUWWHUPVWDELOLW\RI3&*K\GURJHOVWKH
SULQWHG FRQVWUXFWV ZHUH WKHQ WUDQVIHUUHG LQWR D  PP
GLDPHWHUSHWULGLVKZLWKPORI3%6DQGSODFHGLQVLGHDFHOO
FXOWXUH LQFXEDWRU DW  R& DQG  &2 7KH VDPSOHV ZHUH
YLVXDOO\ LQVSHFWHG HYHU\ GD\ RYHU D SHULRG RI  GD\V WR
GHWHUPLQHLIWKHK\GURJHOFRQVWUXFWVWLOOUHPDLQHGLQWDFW
3. Results and discussion 
$Q LGHDO SULQWDEOH PDWHULDO VKRXOG KDYH F\WRFRPSDWLEOH
FURVVOLQNLQJPHFKDQLVPVXIILFLHQWO\KLJKYLVFRVLW\ WRHQVXUH
JRRG VKDSH ILGHOLW\ DQG DOVR JRRG PDWHULDO VWDELOLW\ XQGHU
SK\VLRORJLFDOFRQGLWLRQV8QOLNHRWKHUWLVVXHVKXPDQVNLQLVD
UHODWLYHO\ VRIW WLVVXH DQG DQ LGHDO WLVVXHHQJLQHHUHG VNLQ
FRQVWUXFWVKRXOGKDYHVLPLODUPHFKDQLFDOSURSHUW\WKDWFORVHO\
PDWFKHVWKHQDWLYHKXPDQVNLQ+\GURJHOVZLWKUHODWLYHO\ORZ
VXEVWUDWH VWLIIQHVV FRXOG VHUYH DV SURPLVLQJ ELRPDWHULDOV IRU
WLVVXHHQJLQHHUHG VNLQ FRQVWUXFWV 7KHVH K\GURJHOEDVHG
ELRPDWHULDOV  KDYH QDWXUDO SRURVLW\ WKDW RIIHUV JRRG
SHUPHDELOLW\ WRR[\JHQDQGQXWULHQWGLIIXVLRQ>@$OWKRXJK
DKLJKO\YLVFRXVK\GURJHOZRXOGUHVXOWLQEHWWHUVKDSHILGHOLW\
LWPD\QRWEHFRPSDWLEOHZLWKELRSULQWLQJWHFKQRORJ\WKDWKDV
LQKHUHQW OLPLWDWLRQV RQ PDWHULDO YLVFRVLW\ )XUWKHUPRUH D
PRUH YLVFRXV K\GURJHO ZRXOG UHTXLUH D KLJKHU GLVSHQVLQJ
SUHVVXUHDQGWKLVLQFUHPHQWLQGLVSHQVLQJSUHVVXUHZDVVKRZQ
WRLQGXFHDVLJQLILFDQWGHFUHDVHLQFHOOYLDELOLW\>@$VVXFK
LWLVLPSRUWDQWWRFRQWUROWKHH[WHQWRIFURVVOLQNLQJZLWKLQWKH
ELRPDWHULDOVWRREWDLQDVXLWDEOHSULQWLQJYLVFRVLW\
 3UHSDUDWLRQDQGFURVVOLQNLQJRI3&*K\GURJHOV
'LIIHUHQW 3&* K\GURJHOV   DQG  ZHUH
SUHSDUHGDQGFURVVOLQNHG7KHQHJDWLYHO\FKDUJHGFDUER[\ODWH
JURXSV IURP DPSKRO\WLF JHODWLQ ILUVW UHDFWHG ZLWK WKH
SRVLWLYHO\FKDUJHG DPPRQLXP LRQV IURP FKLWRVDQ WR IRUP D
SRO\HOHFWURO\WH FRPSOH[ QH[W 1D2+ ZDV DGGHG LQ D GURS
ZLVH PDQQHU WR WKH UHVXOWDQW SRO\HOHFWURO\WH K\GURJHO WR
LQLWLDWH S+GHSHQGHQW FURVVOLQNLQJ 3ULRU WR S+GHSHQGHQW
FURVVOLQNLQJ RI WKH 3&* K\GURJHOV WKH\ H[KLELW WKHUPR
VHQVLWLYHEHKDYLRUVZLWKLQWKHWHPSHUDWXUHUDQJHRIR&
7KH\ GHPRQVWUDWH OLTXLGOLNH SURSHUWLHV DW SK\VLRORJLFDO
WHPSHUDWXUH  R& DQG WUDQVLW LQWR D JHOOLNH VWDWH DW
WHPSHUDWXUHVEHORZR&,QWULJXLQJO\WKHDGGLWLRQRI1D2+
UHVXOWHGLQDUHODWLYHO\JHODWR&
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,Q SUHYLRXV VWXG\ LW ZDV VKRZQ WKDW WKH PDVV UDWLR RI
JHODWLQWRFKLWRVDQLQDQSRO\HOHFWURO\WHFRPSOH[LVaDQG
aDWS+DQGUHVSHFWLYHO\>@7KHDGGLWLRQRI
1D2+ WR 3&* K\GURJHO LQLWLDWHV WKH S+GHSHQGHQW
FURVVOLQNLQJ PHFKDQLVP E\ FRQYHUWLQJ XQUHDFWHG VROXEOH
DPPRQLXPLRQV1+LQWRLQVROXEOHDPLQHJURXSV1+DW
aS+  KHQFH LPSURYLQJ LWV WKHUPDO VWDELOLW\ DW
SK\VLRORJLFDOWHPSHUDWXUH
 5KHRORJLFDOSURSHUWLHVRI3&*K\GURJHOV
:KHQDWUHVWDSUHVVXUHLVUHTXLUHGWRRYHUFRPHWKHLQLWLDO
\LHOGSRLQWRIWKHK\GURJHOEHIRUHWKHIORZRIPDWHULDORFFXUV
:KHQ VWUHVVHG EH\RQG \LHOG SRLQW LW H[KLELWV VKHDU WKLQQLQJ
IORZ EHKDYLRU ZKLFK FDQ EH H[SUHVVHG LQ WKH IROORZLQJ
HTXDWLRQ
߬ ൌ  ߬௬ ൅ ܭߛሶ ௡   
ZKHUH߬LVWKHVKHDUVWUHVV߬௬LVWKH\LHOGVWUHVV݊LVWKHVKHDU
WKLQQLQJH[SRQHQWܭLVWKHYLVFRVLW\SDUDPHWHUߛሶ 
LVVKHDUUDWH
7KH UKHRORJLFDO SURSHUWLHV RI GLIIHUHQW 3&* K\GURJHOV DW
R&ZHUHLQYHVWLJDWHGEHIRUHDQGDIWHUWKHLQLWLDWLRQRIS+
GHSHQGHQW FURVVOLQNLQJPHFKDQLVP YLD DGGLWLRQ RI1D2+ ,W
ZDV REVHUYHG WKDW 3&* K\GURJHO ZLWK KLJKHU JHODWLQ
FRQFHQWUDWLRQJHQHUDOO\KDVKLJKHU \LHOG VWUHVVDQGYLVFRVLW\
$IWHU RYHUFRPLQJ \LHOG VWUHVV DOO WKH 3&* K\GURJHOV
JHQHUDOO\ H[KLELW VKHDUWKLQQLQJ SURSHUWLHV DV WKH VKHDU UDWH
LQFUHDVHV$V UHSRUWHG LQ D SUHYLRXV VWXG\ WKHPDVV UDWLR RI
JHODWLQ WR FKLWRVDQ LV PXFK KLJKHU LQ DQ SRO\HOHFWURO\WH
FRPSOH[ >@ 7KH SUHVHQFH RI KLJKHU JHODWLQ FRQFHQWUDWLRQ
UHVXOWHG LQPRUH LQWHUDFWLRQV EHWZHHQ WKH SRVLWLYHO\FKDUJHG
DPPRQLXP LRQV IURP FKLWRVDQ DQG QHJDWLYHO\FKDUJHG
FDUER[\ODWHJURXSVIURPWKHDPSKRO\WLFJHODWLQIRUPLQJ3&*
K\GURJHOV ZLWK KLJKHU YLVFRVLW\ 7KH SULQWLQJ ILGHOLW\
JHQHUDOO\ LQFUHDVHV ZLWK KLJKHU YLVFRVLW\ DV VXFK ELRLQNV
ZLWK KLJKHU YLVFRVLWLHV DQG UDSLG JHODWLRQPHFKDQLVP ZRXOG
UHVXOW LQ EHWWHU VKDSH ILGHOLW\ >@ 1HYHUWKHOHVV D KLJKO\
YLVFRXV ELRLQN SURYLGHV UHVWULFWLYH PLFURHQYLURQPHQW WKDW
KLQGHUV FHOO PLJUDWLRQ DQG SUROLIHUDWLRQ PDVV WUDQVSRUW RI
R[\JHQ DQG QXWULHQWV DQG H[WUDFHOOXODU PDWUL[ DFFXPXODWLRQ
>@ +HQFH LW LV LPSRUWDQW WR VWULNH D EDODQFH EHWZHHQ
PDWHULDOYLVFRVLW\DQGSURSHUFHOOXODUIXQFWLRQV
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)LJ5KHRORJLFDOEHKDYLRXURISRO\HOHFWURO\WHFKLWRVDQJHODWLQK\GURJHOVDW
YDU\LQJVKHDUUDWHV±V
,QWHUHVWLQJO\ WKH YLVFRVLW\ RI    3&*
K\GURJHOVZLWKLQ WKH VKHDU UDWHV RI  WR  V )LJ  LV
DSSUR[LPDWHO\IROGIROGDQGIROGKLJKHUUHVSHFWLYHO\
DIWHU S+ FURVVOLQNLQJ 7KH LQLWLDWLRQ RI S+FURVVOLQNLQJ
PHFKDQLVP LQFUHDVHV WKH YLVFRVLW\ RI 3&* K\GURJHOV
WUHPHQGRXVO\ZKLFKLVJRRGIRUUHWDLQLQJVKDSHILGHOLW\RIWKH
SULQWHGFRQVWUXFW$VJHODWLQLVDWKHUPRUHVSRQVLYHSRO\PHU
LW LV LPSRUWDQW WR HYDOXDWH WKH UKHRORJLFDO EHKDYLRXU RI3&*
K\GURJHOVDWYDU\LQJWHPSHUDWXUH7KHPDWHULDOVWDELOLW\XQGHU
SK\VLRORJLFDO FRQGLWLRQV LV FULWLFDO WR HQVXUH WKDW WKH SULQWHG
FRQVWUXFW ZRXOG UHPDLQ VWUXFWXUDOO\ VWDEOH GXULQJ WKH WLVVXH
PDWXUDWLRQSURFHVV
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)LJ9LVFRVLW\RIGLIIHUHQW3&*K\GURJHOVDWYDU\LQJWHPSHUDWXUHV
7KHYLVFRVLW\VWRUDJHDQGORVVPRGXOXVRI3&*K\GURJHOV
RYHU WKH WHPSHUDWXUH UDQJHRI R&ZHUH HYDOXDWHG7KH
DGGLWLRQRI1D2+LPSURYHV WKH WKHUPDOVWDELOLW\RI WKH3&*
K\GURJHOV DV GHPRQVWUDWHG E\ WKH LQFUHDVH LQ YLVFRVLW\ RYHU
WKH WHPSHUDWXUH UDQJH RI  R& )LJ  3ULRU WR WKH
DGGLWLRQ RI 1D2+ DOO WKH 3&* K\GURJHOV ZHUH LQ VRO VWDWH
ZLWK ORZYLVFRVLW\DW WHPSHUDWXUHVDERYHR&DVVXFK LW LV
GLIILFXOWWRDFKLHYHJRRGVKDSHILGHOLW\DERYHR&
7R IXUWKHU YHULI\ WKH VROJHO VWDWH RI WKH 3&* K\GURJHOV
WKH VWRUDJH DQG ORVV PRGXOXV RI WKH S+FURVVOLQNHG 3&*
K\GURJHOVZHUHFKDUDFWHUL]HG$VLOOXVWUDWHGLQ)LJVWRUDJH
PRGXOXV *¶ LV JHQHUDOO\ KLJKHU WKDQ ORVV PRGXOXV *´
H[SOLFDWLQJWKDWWKH3&*K\GURJHOVUHPDLQLQJHOVWDWHVZLWKLQ
WKHWHPSHUDWXUHUDQJHRIR&ZLWKWKHH[FHSWLRQRI
3&* K\GURJHO 7KH ORVV PRGXOXV RI  3&* K\GURJHO LV
KLJKHUWKDQLWVVWRUDJHPRGXOXVDW WHPSHUDWXUHVDERYHR&
$V VXFK  3&* K\GURJHO ZLOO QRW EH XVHG LQ WKH
ELRSULQWLQJ SURFHVV DV ORVV RI VKDSH ILGHOLW\ PLJKW RFFXU
GXULQJ LQFXEDWLRQ RI WKH SULQWHG FRQVWUXFW DW SK\VLRORJLFDO
WHPSHUDWXUHR&
,W ZDV KLJKOLJKWHG LQ D SUHYLRXV VWXG\ WKDW WKH ILEUREODVW
SUROLIHUDWLRQUDWHLQD'FXOWXUHHQYLURQPHQWLQFUHDVHVZLWK
GHFUHDVLQJ VWLIIQHVV RI WKH K\GURJHO >@ 1RWDEO\ WKH 3&*
K\GURJHOVKDVDGHFUHDVLQJVXEVWUDWHVWLIIQHVVZLWKLQFUHDVLQJ
WHPSHUDWXUHV $V VXFK WKH 3&* K\GURJHOV SURYLGH JRRG
VKDSH ILGHOLW\ DW WKH SULQWLQJ WHPSHUDWXUH RI a  R& DQG LWV
ORZ VXEVWUDWH VWLIIQHVV *¶ DW WKH LQFXEDWLRQ WHPSHUDWXUH RI
DSSUR[LPDWHO\R&LVIDYRXUDEOHIRUILEUREODVWSUROLIHUDWLRQ
,QDGGLWLRQWKH3&*K\GURJHOVFRXOGEHXVHGIRUELRSULQWLQJ
RI NHUDWLQRF\WHV WR IDEULFDWH DQ HSLGHUPDO UHJLRQZKLFK KDV
DQRSWLPDOSUROLIHUDWLRQGLIIHUHQWLDWLRQEDODQFHDWR&>@
$ VXLWDEOH ELRLQN ZRXOG UHVXOW LQ JRRG VKDSH ILGHOLW\ RI
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WKHSULQWHG VWUXFWXUHGXULQJERWK WKHSULQWLQJ DQGPDWXUDWLRQ
SURFHVV ,W LV FUXFLDO WR QRWH WKDW DOWKRXJK D KLJKO\ YLVFRXV
ELRLQNRIIHUVJRRGSULQWDELOLW\LWZRXOGUHVXOWLQJUHDWHUFHOO
GHDWK GXULQJ WKH SULQWLQJ SURFHVV DQG DOVR KLQGHUV FHOO
PLJUDWLRQ DQG SUROLIHUDWLRQ $V VXFK WKH  3&* K\GURJHO
ZDV D PRUH VXLWDEOH ELRPDWHULDOV DQG LW ZDV XVHG IRU
VXEVHTXHQWELRFRPSDWLELOLW\DQGSULQWLQJWHVW
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)LJ6WRUDJH*¶DQGORVV*´PRGXOXVRIGLIIHUHQW3&*K\GURJHOVDW
YDU\LQJWHPSHUDWXUHVDWIL[HGVKHDUVWUDLQRI
 %LRFRPSDWLELOLW\RI3&*K\GURJHOV
$VS+FURVVOLQNLQJZDVUHTXLUHG LQ WKHSUHSDUDWLRQRI WKH
3&*K\GURJHOWKHHIIHFWRIS+FURVVOLQNLQJDQGWKHSUHVHQFH
RI GHJUDGDWLRQ SURGXFWV IURP WKH 3&* K\GURJHO RQ WKH FHOO
YLDELOLW\ DQG SUROLIHUDWLRQZHUH LQYHVWLJDWHG +))
QHRQDWDO ILEUREODVWV ZHUH VHHGHG RQ WKH VXUIDFH RI 3&*
K\GURJHOV DQG LPDJHV ZHUH WDNHQ RQ 'D\  DQG 'D\  WR
DVVHVV WKH DELOLW\ WR VXSSRUW FHOOXODU DWWDFKPHQW DQG
SUROLIHUDWLRQ
)LJ  VKRZV WKH FHOO GLVWULEXWLRQ DQG PRUSKRORJ\ RI
HQFDSVXODWHG+))FHOOVZLWKLQ3&*K\GURJHORQ'D\7KH
VHHGHG +)) FHOOV ZHUH URXQG LQ VKDSH DQG HYHQO\
GLVWULEXWHG RYHU WKH VXUIDFH RI 3&* K\GURJHO /LYHGHDG
VWDLQLQJ ZDV FRQGXFWHG WR YLVXDOO\ LQVSHFW WKH FHOO YLDELOLW\
DQG PRUSKRORJ\ $V VKRZQ LQ )LJ  WKH JUHHQ YLDEOH
ILEUREODVW FHOOV H[KLELWHG WKH VSLQGOHOLNH PRUSKRORJ\ DQG
WKH\ ZHUH DEOH WR VXUYLYH DQG SUROLIHUDWH ZHOO ,W ZDV QRWHG
WKDWDVPDOOQXPEHURIGHDG+))FHOOVDVLQGLFDWHGE\UHG
FRORXUZDVDOVRSUHVHQWLQWKH'FRQVWUXFW7KHDGGLWLRQRI
JHODWLQ LPSURYHG WKH F\WRFRPSDWLELOLW\ E\ VKLHOGLQJ WKH
SRVLWLYHO\FKDUJHGFKLWRVDQ WRDVXLWDEOHFKDUJHGHQVLW\ >@
7KLV HQDEOHV WKH FHOOV WR PLJUDWH DQG VSUHDG EHWWHU DV
FRPSDUHG WR WKH SXUH FKLWRVDQ ELRPDWHULDO ZKHUHE\ VWURQJ
DWWUDFWLRQEHWZHHQWKHSRVLWLYHO\FKDUJHGFKLWRVDQVXUIDFHDQG
QHJDWLYHO\FKDUJHG FHOOV FDXVH WKHP WR UHPDLQ VSKHULFDO LQ
VKDSH>@


)LJ,PDJHRI+))FHOOVRQVXUIDFHRI3&*K\GURJHORQ'D\VFDOHEDU
ȝP


)LJ/LYHGHDGVWDLQLQJRI+))FHOOVDW'D\VFDOHEDUȝP
 3ULQWDELOLW\RI3&*K\GURJHOV
7KH FRPELQDWLRQ RI GLIIHUHQW SULQWLQJ SUHVVXUH DQG IHHG
UDWHZHUHHYDOXDWHGLQWKHSULQWLQJSURFHVV$*QHHGOHWLS
 ȝP D FRQVWDQW IHHG UDWH RI  PPPLQ DQG YDU\LQJ
SULQWLQJSUHVVXUHVZHUHXWLOL]HGLQWKHSULQWLQJSURFHVVWRSULQW
 DGMDFHQW YHUWLFDO OLQHV 7KH LPDJHV RI SULQWHG K\GURJHO
ILODPHQWVDW LQFUHDVLQJSULQWLQJSUHVVXUHVZHUHVKRZQLQ)LJ
$ )LJ % DQG & VKRZ WKH ZLGWK DQG KHLJKW RI SULQWHG
ILODPHQWVDWGLIIHUHQWSULQWLQJSUHVVXUHVUHVSHFWLYHO\
:KHQWKH3&*K\GURJHOZDVH[WUXGHGWKURXJKWKH
PQHHGOH D \LHOG VWUHVVZDV ILUVW UHTXLUHG WRRYHUFRPH WKH
IORZ UHVLVWDQFH EHIRUH WKH K\GURJHO H[KLELWHG LWV VKHDU
WKLQQLQJ SURSHUWLHV $ PLQLPXP SUHVVXUH RI  EDUV ZDV
UHTXLUHGWRH[WUXGHWKHK\GURJHOILODPHQWVRXWIURPWKHQR]]OH
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WLS+RZHYHUSULQWLQJSUHVVXUHV ORZHU WKDQEDUV UHVXOWHG
LQ LQFRPSOHWH K\GURJHO ILODPHQWV *HQHUDOO\ ORZHU SULQWLQJ
SUHVVXUH UHVXOWHG LQ WKLQQHUILODPHQWZLGWKDQGKHLJKW8VLQJ
WKH LQIRUPDWLRQ RI WKH ILODPHQW ZLGWK DQG KHLJKW LQ WKH [\
SODQH DQG ]SODQH UHVSHFWLYHO\ ZH GHPRQVWUDWHG WKH
IHDVLELOLW\RIIDEULFDWLQJDPXOWLOD\HUHGK\GURJHOFRQVWUXFW


)LJ$5HSUHVHQWDWLYHLPDJHVRISULQWHGILODPHQWVLQDVFHQGLQJSULQWLQJ
SUHVVXUHVDWPPPLQVFDOHEDUȝP
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,Q JHQHUDO D KLJKHU SULQWLQJ UHVROXWLRQ ZRXOG UHVXOW LQ D
ORQJHU PDQXIDFWXULQJ WLPH IRU D JLYHQ SURFHVVLQJ VSHHG
+HQFHLWLVLPSRUWDQWWRPDLQWDLQDEDODQFHEHWZHHQSULQWLQJ
UHVROXWLRQ DQGPDQXIDFWXULQJ VFDOH $VPHQWLRQHG HDUOLHU LQ
RUGHU WR DFKLHYH LQWDFW DGMDFHQW K\GURJHO ILODPHQWV D
PLQLPXPSULQWLQJSUHVVXUHRIEDUVLVUHTXLUHG$VVXFKD
FRPELQDWLRQ RI  EDUV SULQWLQJ SUHVVXUH DQG  PPPLQ
IHHG UDWH ZDV XWLOL]HG WR GHPRQVWUDWH WKH IHDVLELOLW\ RI
IDEULFDWLQJDPXOWLOD\HUHG3&*K\GURJHOFRQVWUXFW)LJ

)LJ$PXOWLOD\HUHG3&*K\GURJHOFRQVWUXFWVFDOHEDUFP
 0DWHULDOVWDELOLW\RI3&*K\GURJHOV
7R HYDOXDWH WKH VKRUWWHUP VWDELOLW\ RI WKH PXOWLOD\HUHG
3&*K\GURJHOFRQVWUXFWWKHSULQWHGFRQVWUXFWZDVVXEPHUJHG
LQ3%6VROXWLRQDQGSODFHGLQVLGHDQLQFXEDWRURYHUDSHULRG
RI  GD\V 7KLV LV EHFDXVH WKH KXPDQ ERG\ KDV WKH LQQDWH
DELOLW\ WR LQLWLDWH WKHZRXQGKHDOLQJSURFHVV ± LQIODPPDWLRQ
WLVVXH IRUPDWLRQ DQG WLVVXH UHPRGHOLQJ >@ 7KH WLVVXH
UHPRGHOLQJSURFHVVVWDUWVWRWDNHSODFHDIWHUGD\VDQGFRXOG
ODVWIRUPRQWKVRUHYHQXSWRVHYHUDO\HDUV
,W ZDV REVHUYHG WKDW VXUIDFH RI WKH SULQWHG FRQVWUXFW
XQGHUZHQWVXUIDFHGHJUDGDWLRQRYHUWKHLQFXEDWLRQSHULRG$W
WKH HQG RI  GD\V WKH SULQWHG K\GURJHO FRQVWUXFW UHPDLQHG
VWDEOHDVVKRZQLQ)LJ7KLVZRXOGDOORZWKHILEUREODVWFHOOV
WR VHFUHWH WKHLU RZQ (&0 SURWHLQV DQG LQLWLDWH WKH WLVVXH
UHPRGHOLQJ SURFHVV ZKLOH WKH K\GURJHO FRQVWUXFW VORZO\
GHJUDGHV0RVWLPSRUWDQWO\HDV\KDQGOLQJRISULQWHGK\GURJHO
FRQVWUXFW DOORZV SRWHQWLDO WUDQVODWLRQDO UHVHDUFK IURP
ODERUDWRU\WRFOLQLFDODSSOLFDWLRQV


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4. Conclusions 
7KH 3&* K\GURJHOV GHPRQVWUDWHG JRRG ELRFRPSDWLELOLW\
ZLWKKXPDQVNLQFHOOVKLJKSULQWDELOLW\DQGPRVWLPSRUWDQWO\
WKH SULQWHG K\GURJHO FRQVWUXFWV UHPDLQHG PHFKDQLFDO VWDEOH
XQGHUSK\VLRORJLFDOFRQGLWLRQVHYHQDIWHUGD\V,QWULJXLQJO\
WKH3&*K\GURJHOH[KLELWVDVXIILFLHQWO\KLJKYLVFRVLW\DWWKH
SULQWLQJWHPSHUDWXUHRIR&DQGLWKDVORZVXEVWUDWHVWLIIQHVV
DW SK\VLRORJLFDO WHPSHUDWXUH RI  R& LGHDO IRU ILEUREODVW
SUROLIHUDWLRQ LQ D ' PDWUL[ DQG \HW WKH ' FRQVWUXFW
UHPDLQHG VWDEOH 7KHVH UHVXOWV VXJJHVW WKH SRWHQWLDO XVH RI
3&*K\GURJHOVIRUELRSULQWLQJDSSOLFDWLRQV)XWXUHZRUNPD\
LQFOXGH WKH VWXG\ RQ VZHOOLQJ SURSHUWLHV RI WKH SULQWHG
K\GURJHOV DQG ELRSULQWLQJ RI NHUDWLQRF\WHHQFDSVXODWHG 3&*
K\GURJHOVWRFUHDWH'SULQWHGHSLGHUPDOUHJLRQ
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